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Abstract:



This
�

paperpresentsthe informationag-
gr� egationmethodsenablingcost-andQoS-awareservice
deployment.



It isexpectedthatnetworkmanagementtools
will� require thenetworkitself to participatein theservice
deployment



tasksoasto adaptto heterogeneousnetwork-
nodes� cost,QoS,andcapabilities.Theaggregationmeth-
ods� are part of a setof hierarchically-distributedcompu-
tations,� for which a formaldescriptionis presented.Four
types� of information that can be handledby the mech-
anism� are introducedand illustrated by examplesfrom
thr� eeservice-deploymentcategories.

Keywords: Costandqualityof serviceawareness,infor-
mation� aggregation,automatedservicedeployment

1. Introduction

Theimportanceof fast,optimized,andreliabledeploy-
ment of new servicesinto a network is a key issuefor
Internet
�

ServiceProviders. Simultaneously, network el-
ements� in generaloffer an increasingspectrumof capa-
bilities,
�

somewith dedicatedspecializedfunctions,oth-
ers� with programmablebehaviors, in soft- or hardware.
These
�

two driving forcesrenderthe deploymentof ser-
vices� in a network morecomplex to manage.As a first
step� to enableinteroperabilityandfastercreationof new
services,� standardizedApplication ProgrammingInter-
f
�
aces(APIs) for network elementsarebeingdefined.But

in
�

suchan environmentof networks with large numbers
of� nodesthat needto be enabledwith new servicesand
that
�

have widely varyingcapabilitiesandresources,it is
necessary� to defineandprovideaway to organizethede-
plo� ymentof new servicesata network level.

Here, we presentthe information aggregation meth-
ods� of a framework usedto capturethe dynamiccapa-
bilities
�

of anetwork andto organizeits deploymentbased
on� specificservice-allocationpolicies,therebyaddressing
the
�

programmabilityandheterogeneityaspectsof thenet-
w ork.

To our knowledge,this framework is the first to rec-

ognize� andproposesolutionsto this particularproblem.
The
�

motivation of our approachcanbe viewed assimi-
lar to thatof quality-of-service(QoS)-awareroutingpro-
tocols.
�

Suchprotocolsreplacelengthyand error-prone
manual! stepsof provisioningresourceswithin a network
to
�

guaranteea certainlevel of QoS.By handlingthe in-
formationrelatedto theavailableQoSin thenetwork in-
ternally
�

, routingprotocolscanperformthis taskmoreef-
ficiently
"

thanany operatoror managementplatformalone
could.# In addition,thecostof deploying a servicecanbe
computed# in a distributedfashionasa functionof perfor-
mance,therebyallowing themostprofitableoptionto be
chosen.#

This
�

paperis structuredasfollows: Section2 reviews
relatedactivities. Section3 introducesa formalism for
hierarchically-distributed computations,illustrated with
an$ example.Section4 presentsthevariousbasicinforma-
tion
�

types,and introducesaggregationmethodsfor ser-
vices� of thethreeservice-deploymentcategories.Section
5
%

containsabrief summaryof thiscontributionaswell as
an$ outlook.

2. Related Work

There
�

areonly few known activities that focuson the
automated$ deployment of servicesover large heteroge-
neous� programmablenetworks. Hierarchicalarchitec-
tures
�

have beenusedin routing protocolsand network
management,! but not yet consideredin thecontext of de-
plo� ying services.Let usbriefly review themainactivities
of� relatedwork.

In
�

[1], the needfor a distributed and programmable
management! platformfor thefutureInternetis presented,
and$ simplenavigationpatternsfor mobileagentsarede-
scribed.� Theunderlyinghierarchicalstructurein ourcon-
trib
�

ution can be viewed as another, more sophisticated
na� vigationpatternusedby mobileagentsto performthe
specific� taskof scalableservicedeployment.

In [2], theneedfor anautomateddesign,creation,and
deplo
&

ymentof network architecturesis presented,anda



high-level methodologyto spawn virtual network archi-
tectures
�

basedon the Genesisprofiling systemthat re-
lies
'

on distributedobjecttechnologyandcentralizedpro-
file
"

databasesis proposed. In [3], a framework to iso-
latebetweenservicesdeployedin differentvirtual active
networks(VANs) is presented,whereasthecreationof a
V
(

AN essentiallyremainsa manualtask.
Hierarchical
)

structuresare usedin IP and ATM net-
w orks to aggregateand propagaterouting information.
While
*

IP networks only aggregaterouting information,
with two to threelevelsof hierarchy, ATM-PNNI [4] also
summarizes� bandwidthanddelaycharacteristicsto allow
QoS
+

routing. In [5], a complex noderepresentationthat
captures# the relevant characteristicsof the nodesat the
lower hierarchylevels is proposed.Likewise,distributed
netw� ork management[6-9] useshierarchicalstructuresto
better
�

scalewith large numbersof nodesand complex
managementtaskssuch as distributed monitoring with
mid-level managers.In [10, 11], thediscoveryprocessof
distrib
&

utedservicesover wide-areanetworksexploitsahi-
erarchy, of servicebrokersto propagateend-hostsqueries
and$ to cacheadvertisementsof installedmediagateway
services.�

Dynamic
-

compositionanddeploymentof servicesin
the
�

context of end-to-endapplicationsessionsare ad-
dressed
&

in [12-14]. This appliesfor instanceto thesetup
of� a network pathfor a multimediasessionbasedon the
a$ vailability andcostof imagetranscodersandcompres-
sion� servicecomponentsactive in intermediatenetwork
nodes.

3.
.

Hierarchical Distributed Service-
Deployment
/

This sectionconcentrateson the formalizationof the
service-deplo� ymentmechanismusingan approachsimi-
lar
'

to [15], albeit with specificenhancements.We then
illustratehow it is implementedfor servicedeployment
of� thepath-based0 cate# gory.

From
1

a high-level perspective, theservice-deployment
mechanism2 canbe broken down into five steps. Figure
1 shows thesestepsandthe resultingdeploymentproce-
dures
&

when all or only someof the stepsare executed.
Using
3

only the last two stepsin Fig. 1 leadsto a man-4
ual5 deploymentandautomaticconfigurationof� a service.
This is how servicesaregenerallydeployedin networks
today
�

. With theintermediatesolution,theresultis anau-6
tomatic7 deploymentwith genericmetricsand automatic
configur8 ation. Only whenall five stepshave beenexe-
cuted# will anautomatic6 deploymentwith custommetrics
and6 automaticconfigurationresult.

Computations
9

aredistributedin a logical hierarchyde-

Solicitation
:

Summarization Dissemination Installation Advertisement

automatic deployment with custom metrics and automatic configuration

automatic deployment with generic metrics and automatic configuration

manual deployment and
automatic configuration

Fig. 1. Thefive stepsof theservice-deploymentmechanism.

scribed� in [16]. Layersin thehierarchyarebuilt by recur-
si� vely groupinglogical or physicalnodesandrepresent-
ing
;

themby a singlelogical nodeat thenext layerof the
hierarchy.

3.1.
<

Hierarchical Iterative Gather-Compute-Scatter
(HIGCS)
=

Algorithm

Themechanismis dividedinto asequenceof iterations
each, consistingof gather, compute,and scatterphases.
Thesetsof destinationsandoriginsrelevantfor themes-
sages� exchangedin thescatterandgatherphases,respec-
ti
�
vely, areobtainedfrom the computephase. Note that

these
�

iterationscanoccurindistinctively in logical nodes
of� the hierarchyas well as in nodesof the underlying
physical� topology.

Service-deplo
>

ymentHIGCSmessagesexchangeddur-
ing theseiterationsfollow the tree-like topologyof the
service� hierarchy. The logical nodeof a groupis merely
responsible? for communicatingwith its underlyingpeer
group@ membersof the scatterset. The logical nodenei-
ther
�

hasto monitorall membersof its groupnor perform
all$ computationscentrally. But without lossof generality,
we assumein the following descriptionsthat the scatter
set� is always determinedby a centralcomputationper-
formedby the logical noderatherthan distributing this
computation# amonggroupmembers.In addition,herewe
consider# it moreappropriateto focuson the distributed
computations# takingplacealongthehierarchydimension
itself, thanonthosealongbothcross-hierarchyandgroup-
internaldimensions.

Note
A

thatthis approachof organizingdistributedcom-
putations� can be elegantly implementedwith mobile
agents$ following thenavigationmodelextractedfrom the
hierarchicalstructure.

Each
B

nodeexecutesiterative computationsbasedon a
tuple
� CEDGFIHKJMLONKPMQSRUTWV XZY\[^]`_baIcedgfih

,j wherek is
;

thetotal
numberof iterations. The gatherset lnm is definedhere
as$ thesetof (logical or physical)nodesfrom which mes-
sages� areexpected.Thecomputephaseoqp e, xecutesonce
the
� rtsvuWw

messages2 have beenreceived from all nodesinxqy
. The scatterset z|{ denotes

&
the (logical or physical)

nodesto which }�~v�W� messagesaresentoncethe com-
pute� phase��� completes.# ���v�W��� messagescan differ



depending
&

on their destinationnode� in the ��� set.� Sim-
ilarly to [15], nodeattributesareassumedto beavailable
during
&

thecomputephase.This includes,for instance,the
hierarchy
�

level at which thenodeis located.
The generic signaling messageformat used by the

service-deplo� ymentmechanismis definedin TableI.

TABLE I

T
�

HE
� HIGCSSER

�
VICE -DEP

�
LOYMEN T MESSA GE FORMA T.

Parameter Generic
�

value
serviceId� Instance

�
of servicedeployed

hier
�

archyId Identi
�

fi
"

er, of servicehierarchy
sr� cId Source

>
of message

destId
�

Destination
iter
�

ationId Current
9

iteration�q�
Gather
�

setfor iteration ��O�
Compute
9

functionfor iteration ��S 
Scatter
>

setfor iteration ¡¢¤£g¥§¦©¨«ª¬£§­ Service
>

specifi
"

cation#®§¯`°¤±³²§´³µ Solicited
>

metric¶t·`¸¤¹³º§¶³»
Installedmetric

. . . Other
¼

service-specific# info

3.2.
<

HIGCS Service-Deployment Computations

To performservicedeployment,iterationsareassoci-
ated$ with the stepsasdescribedin Fig. 1. For that pur-
pose,� wedefi

"
ne� thefollowing generalbehaviors for ½¿¾ :ÀÂÁÄÃ selects� the setof underlyingnodesÅÇÆ that

�
have to

be
�

solicited(null setif executedona physicalnode),ÈÂÉ�Ê summarizes� informationgatheredfrom the set of
underlyingË nodesÌnÍ (on

Î
aphysicalnode,thisinformation

is created),andplacesit in Ï§Ð`ÑgÒ³Ó§Ô³Õ ,jÖÂ×OØ selects� thesetof nodesÙÛÚ where theserviceis to be
deplo
&

yed(onaphysicalnode,theserviceis installed),ÜÂÝOÞ summarizes� theresultsfrom thedeploymenton the
set� of nodesßáà (on

Î
a physicalnode,this informationis

obtained� locally), andplacesit in âtã`ägå³æ§âèç .
Clearly
9

, thesefunctions will be implementeddiffer-
ently, for eachserviceto bedeployed,asweshalldescribe
next. The service-specific# allocationpolicy is contained
in theimplementationof the éIê and$ ë�ì functions.

T
í
able II shows the computationsexecutedfor the de-

plo� yment of a hypotheticalpath-basedservice on all
nodesof a pathbetweentwo customersites(represented
by
�

the î and$ ï top-le
�

vel nodesin Fig. 2). For the sake
of� simplicity, thestraightforwardupdateof otherfields, in
the
� ð�ñvòWó

(such
Î

as ô¤õ÷öùøûú )ü andfi
"

elds, that do not change
compared# to the ýtþvÿ�� messagearenotshown.

Figure2 illustratesthe resultafter all four HIGCS it-
erations, have completed. The selectedpath is shown

T
�

ABLE II���
, ��� , �
	 , AND �
� FUNCTIONS.

���
DS-solicit
���� �
SelectAllNodesBetween( ��������� � �"!#� )$&%�'�(*),+ -�.0/�132 SelectNeighborNodes( 46587:9<;>= )?3@ A B>CD�E
DS-summarizeF,G H
GetLogicalNode()

oMsg.sMetric I if IsLogicalNode() then
SummarizeMetrics( J�K�L�M�NPO Q RTS U�V*WYX ,Z\[^]`_3a

)
else CreateMetric( bdc�egf�h e i jlk\monoilp )qsr t uwvx
y
DS-disseminatez0{ |
if IsLogicalNode() then
SelectNodesOnShortestPath(}�~������ � �"�#�

)
else null�&�����*� .ends � SelectNeighborNodes( �6�8���`�"� )��� � �"����
DS-install

oMsg.iMetric � if IsLogicalNode() then
SummarizeInstalledMetrics(���������\  ¡d¢T£ ¤�¥l¡�¦

, §\¨ª©`«�¬ )
else InstallService( ­d®�¯g°�± ¯ ² ³l´\µo¶o²l· )¸�¹ º
GetLogicalNode()

as$ a thicker line. The fi
"

rst? iteration was initiated by
node� » ,j which received the initial HIGCSmessagewith¼g½¿¾�À
Á Â\Ã
Ä"¾

set� to ÅÇÆ:È*ÉËÊ . Logical node ÌÎÍ Ï and$ routerÐÎÑ Ò,Ó Ô
did
&

not participatein the servicedeployment,as
the
�

y arenot on a pathbetweenÕ and$ Ö . All othernodes
had
�

beensolicited,andnodes×ÙØÛÚ>ÜÛÝ and$ ÞÙß à,á â were ex-
cluded# astheircapabilitiesdidnotmatchtherequirements
of� that service. Of the remainingrouters,ãÙäæåwçæè ,j éÙêæëwì í ,jîÎï ðòñôó

,j õÙö ÷,øæù ,j and úÙû ü,ý þ are$ finally enabledwith theser-
vice,� asthey areon theshortestpathbetweenÿ and$ � .

4. Information Aggregation for QoS- and
Cost-Aware Deployment

The
í

servicedeploymentframework allows QoS-aware
deplo
&

ymentof services.In addition,the costdimension
is considered,enablingcharging mechanismsfor thede-
plo� ymentof services. First we classify the variousba-
sic� information types that are relevant to the service-
deplo
&

yment framework, list the three typesof services
considered,# andthenshow how thesebasicinformation
types
�

canbeusedin thecontext of servicedeploymentof
all$ threecategories.

4.1. Basic Information Types

In general,servicesmake useof oneor a combination
of� the following basictypesin order to achieve proper
deplo
&

yment:



A B
� C

�
B.1 B.2 B.3

�
B.4

B.5

B.2.1
�

B.2.2
� B.2.3

B.2.4

B.4.1 B.4.2
�

B.3.1

B.3.2

B.3.3
�B.3.4

�
B.1.1

solicited, capable,
and enabled router

not  solicitedJ
� solicited but

not capable
solicited and capable

but not enabled

Fig. 2. Resultof theHIGCScomputations

� topology:
�

descriptionof theconnectivity,� capability:# descriptionof nodecapabilities,� performance:� measureof topology(suchasbandwidth
or� delay)or nodecapability(suchasCPU speed)usage,
and$ � cost:# administrative measurefor using the above re-
sources.�

Note
A

thatwhenthis informationis transportedtowards
the
�

top of the hierarchy, it canbe abstractedandaggre-
gated@ differentlydependingonserviceneeds.Oneadvan-
tage
�

of theservice-deploymentframework proposedhere
is
;

to let servicesdefi
"

ne� theinformationthey requireto ex-
ecute, theirdeployment,andhow it shouldbeaggregated.
This canbe viewed asan applicationof active codefor
the
�

network controlplane.
Other
¼

aggregation methods, such as used in [11]
(Bloom
Î

fi
"

lters)
'

for servicediscovery, differ in their pur-
pose� from the approachpresentedhere. Whereashere
only� relevantcapabilitiesareextractedfrom thenetwork
thanks
�

to thesolicitationstep,Bloom fi
"

lters
'

aggregateall
installed
;

servicesin the network, andachieve scalability
only� at thepriceof falsepositiveadvertisements.

Services
>

areclassified, into threecategoriesdepending
on� the type of locationswherethey are to be deployed,
namely:� � path-based,�	 node-based,and
 path-� andnode-based.

Eachcategorydetermineswhatinformationof thefour
basic
�

typesis aggregatedandhow it is done.

4.2. Path-Based Deployment

F
1
or instance,theexamplein Section3.2 useslink ab-

stractions� at the upperlayersof the hierarchy. For sim-
plicity� , we assumedin that example that thoselogical
links
'

hadalreadybeenaddedto thehierarchybeforethe
fi
"

rst? iterationof theservicedeploymentstarted.
For path-baseddeployment,routing decisionshave to

be
�

takensuccessively at eachlayerof the hierarchy(ex-
ecuted, by SelectNodesOnShortestPath in Table
II).
�

Amongthevarioussuitabledatarepresentation,tran-
sition� matricesofferanaccuraterepresentationof thecost
of� traversinga logicalnode.

Transition matrices used in path-basedservice de-
plo� ymentcontaintopology-,capability-andperformance
and/or$ cost-relatedinformation. For instance,the transi-
tion
�

matrix generatedfor node � in Fig. 2 is (thematrix
is symmetric): ��
�� ���� ������ � ������ � � ��

Elements  "!$# % indicate that there is connectivity be-
tween
�

bordernodes&('*)$+-,/.10 and$ 2(3*46587:91; ,j with a path
composed# of nodescapableof runningthatparticularser-
vice.� In addition,thevalueof <�=$> ? corresponds# to theper-
formanceof thatpathin termsof numberof hops.More
sophisticated� transition matriceshaving elementscom-
posed� of vectorsdescribingthe efficient# frontier (setof
minimal2 pathsin termsof delayandbandwidthbetween
tw
�

o bordernodes)arepresentedin [17].
In orderto make the deploymentof a path-basedser-

vice� cost-aware,a measureindicatingthe costto deploy
the
�

servicecanbeused,similarly to thehopcountperfor-
mance2 measure.Eachnodecomputesthismeasure,which
is addedto thetransitionmatrix.

4.3.
@

Node-Based Deployment

W
*

e considerherethe deploymentof a standaloneser-
vice,� suchasaweb-cache,over thenetworkshown in Fig.
2.
A

This typeof servicedoesnot requireroutingover the
network, thereforetopology-orientedinformation is not
necessary. Node B initiates the deployment procedure
to
�

selecttherouterwith thebestprocessingcapabilityto
support� that particularservice. The summarizationpro-
ceeds# by computingthemax of� the processingcapabili-
ties
�

amongnodesin eachgroup,andis repeatedsucces-
si� vely at eachhigherlayerof thehierarchy.

A
C

cost-awarealternativeto theabovedeploymentspec-
ifies, theexactrequiredperformance,ratherthanrequest-
ing the bestperformance.Next, solicited routerscom-
pute� the correspondingcost to achieve that level of per-



formance.Thesummarizationthenproceedsby choosing
the
�

minimumcost,successively at eachlayerof thehier-
archy$ .

In
�

both thesecases,requirements(in termsof costor
performance,� or asa combinationof acceptableminimal
performance� andmaximalcost)donotallow thenetwork
managerthe fle, xibility to evaluatecostasa function of
performance,� beforeeventuallydecidingon the desired
performance.� For this reason,we introducethe summa-
rizationof costfunctions:basedon policy rules,thecost
of� enablinga device in thenetwork with a certainservice
can# be plottedagainstthe requestedcapabilitiesandas-
sociated� performance.In addition,this costcandepend,
for instance,ontheparticularcustomerrequestingtheser-
vice.�

Figure
1

3 shows threecost functions: (a) is the hypo-
thetical
�

costfunctionfor a device usinghardwareassists
to
�

performthedesiredservice;(b) is thecostfunctionof a
de
&

viceperformingthesameservicein software;and(c) is
the
�

summarizedcost function for thesetwo devices,as-
suming� they are the only membersof their group, and
the
�

serviceneedsto be enabledin only one of the two
nodes. The summarizedcost function is a min of� the
tw
�

o costfunctions,andcanin turn besummarizedrecur-
si� vely ateachhierarchylevel. Notethatsummarizationof
cost# functionsdoesnot alwaysnecessarilymapto amin
of� functions;this dependson thespecific# servicerequire-
ments.2

performance

cost

performance

cost

performance

cost

(a) (b) (c)

Fig.
D

3. (a) hardwarecost-function,(b) softwarecost-function,and(c)
summarizedcost-function

4.4.
@

Path- and Node-Based Deployment

As anexampleof a servicedeployedbothalongpaths
and$ at selectednodeswith differing requirements,we
consider# the deployment of a Virtual Private Network.
Encryption
B

capabilitiesare required at the VPN end-
points,� andQoStreatmentof packetsisensuredbyRSVP-
enabled, nodesbetweenthoseendpoints.

In order to accommodateboth path- and node-based
characteristics,# we chooseto augmentthe transitionma-
trix
�

presentedin Section4.2 with thenecessarynodein-
formation. The extendedtransitionmatrix is definedas
follows:

EGFIHKJ LNMPORQ
ElementsSUTWV X indicatetheshortestnumberof RSVP-

capable# hopsbetweenbordernodes Y and$ Z . Elements[]\$^ _ indicate
;

theshortestpathfrom a nodein domain `ba
that
�

fulfills therequirementsof theVPN-endpointservice
speci� fication# to bordernode c . TheVPN interconnectsd
domains
& egf

. Logicalnodesrepresentthesedomains.

A.1.0

A.1.3

A.1.5 A.1.1

A.1.4

A.1.2

RSVP-capable
router

VPN-endpoint-
h
capable routeriJA.1.6

Fig.
D

4. A groupof nodessolicitedfor theVPN service.

Figure4 shows a groupof nodeswith their capabili-
ties.
�

For simplicity, it is assumedthatall VPN-endpoint-
capable# nodesarealsoRSVP-capable,but notvice-versa.
The
í

extendedtransitionmatrix for this groupis [assumejlk$m n corresponds# to oqpsr6tvu wyx{z}|6~v� ��� ]�
����� �������� ������� �� � ����� �� � � �������� � � � �

���� ¢¡
If
�

we assumethat logical node £s¤¦¥ represents? onedo-
main and that logical node §s¨ª© (not

Î
shown) represents

another$ domain,thenthe « matrix of theextendedtran-
sition� matrix for logical node ¬ ,j composedof ­}®6¯ and$°}± ²

,j will have two columns³µ´ ¶ and$ ·¹¸ º ,j onefor eachdo-
main.Whensummarizingsuchextendedmatrices,a new
column# is appendedfor eachdomainconsidered.

performance

cost

performance

cost

performance

cost

(a) (b) (c)

shortest-path
cost

node cost

summarized path-
cost and node-cost

summarized node-cost

Fig. 5. (a) first cost-function,(b) secondcost-function,and(c) summa-
rized» cost-function

The ¼ matrixdoesnotaccountfor thecostof enabling
routerswith VPN-endpointcapability. Similarly to Sec-
tion
�

4.3, we introducea cost function for eachpotential



VPN
(

endpoint. To simplify the summarizationof infor-
mation,we chooseto addthe nodecost to the shortest-
path� cost. Figure5 shows an exampleof two node-cost
functions
�

(in dashedlines) (a) and(b). The costof the
shortest� pathisaddedtoeachnode-costfunction.Thefirst
se� gmentof thesummarizedpath-andnode-costfunction
(c)
Î

shows that (b) is the lowest-costVPN-endpoint,al-
though
�

(a) hasa lower nodecost. In thesecondsegment,
(a)
Î

is thelowest-costVPN-endpoint.

5. Conclusion
Or
¼

ganizingthe automateddeployment of servicesis
a$ key steptowardsan intelligent network infrastructure.
Openness
¼

andprogrammabilityarestartingto appearin
network equipmentandit is thereforenecessaryto pro-
vide� genericmechanismsthatcanenablethedeployment
of� any typeof service.

In this paper, we have introducedthreegeneralcat-
e, goriesof servicedeployment, togetherwith their four
basic
�

informationtypes,andproposedaggregationmeth-
ods� thataddressthecost-andQoS-awaredeploymentof
a$ wide rangeof servicesin programmableandheteroge-
neousnetworks.Network-nodecapabilitiesareevaluated
in termsof therequirementsfor a specific# service,result-
ing
;

in thecreationof appropriatemetrics.Administrative
cost# andcostfunctionscanbesummarized,allowing cus-
tomers
�

to comparecost versusserviceperformancebe-
fore opting for a particularserviceperformance.There-
fore,
�

the deployment of the servicecan be basedon a
summarized� view of thesemetricswithout loss of rele-
v� ant information for that specific# service. The deploy-
menttaskis thendistributedthroughoutthehierarchy, fol-
lo
'

wing a service-specifi
"

c# allocationpolicy. Thusanauto-
mated2 deploymentis achieved,avoiding time-consuming
and$ error-pronemanualoperations.Whennetworksgrow
in sizeandheterogeneity, thedeploymentmechanismcan
still� capturetheessentialdatafor deploying any particu-
lar
'

service,while retainingits scalabilitythanksto theuse
of� summarizationanddisseminationacrossthe service-
deplo
&

ymenthierarchy.
On-going
¼

investigationsinclude the relationshipbe-
tween
�

therequirementsfor a genericservice-deployment
hierarchyand the variouskinds of existing hierarchies,
such� as routing, management,or domainnameservice
(DNS),
Î

andthemeanstoevaluatetheperformanceof such
a$ service-deploymenthierarchyover large-scalenetworks
usingË simulation.
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